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We, Tub Gsjeral Ulthasonics Com- 
pany, of 67, AMjany Siireet, Hartfoid 3, 
State of OtMHisctioiit, Ui4ted Stapes of 
Ametaca, a Coipoiatiaa argaiuzed under the 
laws of tJie S taje of CoiimecQaa, United States 
of AfDOsirica^ do tadxy decfeie the inventioit, 

wMch we piray 3to a paiJBnt inaa^ 
to US, and nJBJtodi by "vrfrich at is to bs 
peirf <CTied, to be pai^cuLady diescdbed in and 
by tihe foflowii^ stateoKnit: — 

Thas inyention iretati^ to efectroine dh^nirff i l 
craiBdiuceEs, and more pafftitajkcriy to ^^stems 
eng^ioying susdh tiransdiEoexs to inteidfflnge 
laige qoKndtite of oieigy wit^i low flosses. 

Uses of elastic votc energy in industry aie 
b^Dg onadb andi innovated Q$ an. inoreasHtg 
,paoe. However in some areas;, ^cfli as pro- 
cesses etnpiloytng li^piid! batbs 'vribacb k is 
d'e^ied to dinradiate tmsh conipsressiooai wave 
(sonic or tdtisasonic) eneigjr, ppc^ess into lai^e 
scale use of such cneigy awaits <Jte avaHafaility 
of an d^ectiXHmsdlmic^ transducer at ireason- 
cost 'whidb wiH coaivcaa: bn^e amcnnits of 
cdsctricail: eneig/ into compresdcnal 'wave 
^nezigy, wttii snzaiil and ins^g"*^^'"*' beat losses. 
Known t!ransdxcoQrs ^^ei^^ dadc the abMity 
to han(&e ^z@e power, esoepc peodiaps es po^se 
peaks, wittout soon generating ideainicdve 
Iheat. Efficiencies beiow 50% aie oosnHnon, ^d 
effidencks as mnc(h as 65% axe considered 
Ffisdier, t!be peranssibiLe stresses aid 
strains dmt can be endued! by tihe electromedt- 
anical transducer oxatedals ^ so icm tihat tlhese 
mateacials ate sotm d^tzoyed! by the amounts 
35 of power vMch can be us^uHy employed in 
saic£ processes. Attempts to soirc tihis protWem 
by employing moie ftransdaKXirs often cairies 
tihe cost of an inst^tion beyond eoommncaBy 
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wit^ bi^x efficieDcy, to psovide sudh a system 
tariqg a iteiativedy dow Q so that at cm \^ 
vtsed with electric energy sources wihiich do not 
iHve reliable &equency ireguiation^ sucfh as a 
motott generator doven by an indux^on motor 
aiKi to pn>v£de sucib a system wOxich can 
Qperaie oontinoHKisly wa^toiit generarir^ des- 
tructive iheat m any of its gms. 

Aooording to die inventian a vibrator system 
has decairamechanical tionsdncer matenal 
positioned between end aooiistica!% coupkd 
to two solid bodbs wii& whkb (tihe transcktcer 
matorial fanns a oHOtStry vibrator adapted to 
vibrate in the dizecdon of an axis passing 
thno^gih the bo&s and the matoriail to sur- 
faces of tSxe bodies vMdtk aire (remote from the 
nmtertal, the diniassxcm df the (tir^ducer 
matoriai sn the direction ci the asis bdng less 
(than one quarter wave of vihradoi^ therein 
at the opeiatHig foetjueoKy of vibration of the 
system and the 9ohd bo&s bemg amsdtutcd 
cespecti-vely of tnateriate toving lelastively 
(Mssimilar densides. 


40 It is tihe aim <^ the present hsvention to 
pgQv^de an eteotromeclhaniral trcNisdiTOPir system 
winch is capskik of mtorchanguig large 
amomits of eJeotricai and ektsdc wave eneagy 
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Typical exampbes of oomlbinations 
material aire ahnnirsum and' brass, of alu- 
min^ml asd steel. Aocotdizig to another in^or- 
tant fesme of the inventicm, dos smicture 70 
is hekl together, by suitable damping means, 
with a force sufficient to app(by a ststac com- 
pressive sQcess of a ma^iHtude greator rhai 
and in opposition to any mstantaneous iiega- 
tive stress pffoduQ^mthie system during vitea- 75 
don at piractKa% any energy teveiL These 
feamres of the invention aire described in 
^neator detail in the f olHowing description of 
c^tain embof&nents. Tins description refers 
to the acomipanying drawings, in which :~ %0 

Fig. 1 is a vertical section throi^g^ a trans- 
ducer system built acooiding to the invention; 

F^. 2 is a top view of Fig. 1; 

Fog. 3 is a secaion along &ae 3 — 3 in 
Fig. 1; 85 
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1%. 4 is a fai^gfnentfgy veattc^ secdoai dio w- 
mg a snodijBcatziHi of 1; 

F%. 5 iMnstasi£s in detaS an electromech- 
anical dansdaoQ: eiemsnt sokdii^ for use in 
5 systems ^Biilt ^raiding (to ^jbe anvention; 
Fig. 6 is a grap3i to aid the description; 
Kg. 7 is a TCrtical OTtitm, j>aitfy fcroken 
ocvay throo^ im>^ber en^dmi&at of d^e 
BivcoEtian; and 
10 Fag. 8 iBfostratEs anotte dsctiomedianical 
transduoer etemcnt stdtsUe for use in systems 
bu& accoxdmg to tiie iiivis i H ion. 

In Fag. 1 a Wock of stad or othar sintable 
metaj of oxnresirGndii^ piop c j i l es 10 and a 
15 bJockof alim&mor<«4iersuitai3kiigte 

11 (have fonr eiectromechanical transducer de- 
jnenta, 12, 13j 14 and 15 as diorea ia Fig, 3, 
sandv^dhed (between tiheni, Hhese may b& made 
of any jaezoeteccnic or electrostiictive matenal, 
20 for eYfmrpte quartr^ or baiiii£ai titanate. This 
sfflsdrokii is togechex by a bolt 17 passiitg 
dHoi^gb tores m tte ibfocfe 10 and 11. The 
theaid 18 of the fcolt 17 lests on a shoalder 
piovided iby enfegk^ tihe oufier portion 19 
25 of the bxxre in die ahiminmn Woti 11. The 
oucer jpoDtion 21 of the bore ia the steel block 
10 is eniarged ^ receive an electrically insulat- 
ing steeve 22 and tie nut 23 «rf the bolt 17, 
A sihoiddser 25 is $m>vided at tJie jonc^n of 
30 ^ obiter (portion 21 and tite imier portion 26 
of the tee in tlte steel Wccfc 10, and an 
edectrically insiTlariTTg vrashsr 27 rests <m tMs 
shoulder. A second eleotricai^ insulatbg sleeve 
28 Imes the inner tere poction 26. A convex 
33 shaiped ted metal "vpashsff 30 rests on the 
wa^er 27, and ^ikc nut 23 is used to (im- 
press diis vrasiher to apply a static ccmpies^ve 
stress to ?!he system. The magnitude of tius 
stress, and its punpose aie described feeiosv. 
^ Refennng to Fig. 4, dhe elements cocres- 
pondimg to elements ^hown in Fig. 1 
same irefeirenjce mimhere. The transducer ede- 
ments (only edemen^ 14 and 15 are sbowa) 
in einbodimeiQt are affixed to die Uocks 
45 10 and 11 by a suitaible cement 35, An ejpoxy 
oament is su^aMe. Eadb tcanschicer element 
is fitted TTith electric conduci?oiis, one for each 
face. Tjhe oonductois 36 and 37 for dement 
15 onty are ^lown, end these are conaeoted 
50 one (to eadi of >bloci^ 10 and 11. As indicated 
in Rg. 5, eadh tEransduoer dement is provided 
with an electrode 38 on eadh face; each efec- 
trode (has a to 'wdndh one of i^ wires 36 
or 37 is amdrsd. While in Fig, 1, the blocfes 
55 10 and 11 lihemselves mafce deotricd oon- 
taipt mth die transducer elements^ w^di are 
usua^y fitted witii dectrodes Bze etozode 
38, «!hs^ demeans can if d^ired be fitted with 
oonductoti^ like oonductoi^ 36 and 37, and 
60 the conductors can be bonded to tbe blocks as 
sbown ia Fig. 4, to insure dkect dectrical 
contact to die dectrodes in dl events. On tbe 
otlher hand, the conductors 36 and 37 may 
be omitted entiidy &om die enxbodiment 
W siiown in Fig. 4. We have built 5u<fli systems. 


in v^udi die static con^nessive ^xess was 
^ipBed wshfle ttie CCTent 35 was soft, and tiey 
bave o$mra!ted sncoes^u^. 

The "sandwicb" teohnique of teansduoer 
system construotion was appaiendy invented 70 
by Lang&yin — see Figure 3 of British Patent 
SpaaficstitHi 145,691, for esan^e. In the 
I^^witt system, two steel or s^uxless sted 
Wocfe of «iual thickness aie plao^ one on 
eadb side of a mosaic of quartz crysta3s. The 75 
system resonatts ^ a haM-wave vibrator with 
the qua!Xtz (wbtch is oonopartiv^ thin) located 
esentiaity at a node. The overall Q of tins 
device is extr^efy -higjl^ being basicEdly the 
latio bawsMQ the acoustic impedance of steef 80 
and tite acoustic antpedance of tbe liquid in 
wthicb it is used. This Q is of da c^dsr of 
30, Tihat is, tire frequency span of operation 
is 1/30 of die tesonant frequency. At 20 
kc/sec, tfoe Langevin transducer must be 85 
operated at pihis or minus 330 cydes per 
seccmd m nro^ liquids. This has too iiigh a 
Q for industml purposes. 

In tie piresent miveotion, a low density 
^ght) meed is u^ for one side of the sand- 90 
wicih; and a f^g^b density ((heavy) metal is 
used for the othar side. l&Kiry is racKated &om 
tte surface of die metal One effea of 
diis new stnictaire is a r^ucaion in Q, due 
to the fact diat the acoustic impeiknces of 95 
light metals (aluminum or ma^^ieshim) aie of 
die bnder of 1/3 ijo 1/7 that of stea^ to 
values of Q <rf tte order <tf 10. Conservation 
of moTrrrnrnm oansiderations stiH further re- 
duce the Q of tiie over^ system by vktue of 100 
the fact (tto the surface of die light metal 
nriKt move with a particle dfeplaooneat of 
many times the parade disjrfacement at i^ie ~ 
surface of die teavy metal The r^io is die 
ratio of the densiti^ in the <two met^ if the 105 
velocky ci sound is the same m botlt Tihe 
reason for dns is that di- vdochy of sound 
detemimes t3ie resonant frequency of the 
s^ardwidh wbfle the particle vdocity is deter- 
mined by die fact tfiat tlte momentum of the 110 
two sides must ^ same, to sati^ the 
irequnemems of tte law of conservation of 
momentum. Tbis dictate di^ die paidde 
vdodties at tbe end surface of dre two biodcs 
10 and 11, for exan:^, mxist be in inv^^se 115 
latio to tile densities <rf die two materials of 
the blocks, in order i^at the denary of one 
metal tknes die partide velodty at its suifeoe 
may be equal to the densiq^ of t& othar metal 
tunes dre paitide vdodw at its surfece. In 120 
sandwich combmations of sted or brass for 
exainple aa tfie heavy m«al with aituminum or 
one A its dloys as the flight mets^ a partide 
displacement or vdodty amplification of 
about 3.33 as obtain^ and wiran mag^iesium 125 
or cme of its alloys is siteituted for alu- 
minum or its aHoj^ the pantide vdocity or 
displacement amplification is about 5.6. The 
Q is thus furtter towcued bamise eireigy radi- 
ated frwn the surface of t3ie low« density 130 
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metsi ^ ^ t ^iw per ^mit tssssig^ stOEred Hi titEekis£sii£sn60us oeg^sve sziess •'wiB be treaohed 
resonaxtt strooJjure. w^hadb wiB he capable cf twrafcemng or n^JCiir- 

RefemH^ <D 6, ittustrntes scire- mg «Ji£ hond. Tbe fcoilt 17 and 23 aie pre- 
madc^iy a disif-^vTSve doQgit!tHikisl v&rator 42, f erab^ d^t^i^ssd on tihe 'wa^llier 30 to exect 
5 oozive A indicalfis ibe ^np^tode, veSoccty or a stanc posidve OLxuipressive stress wiiidh is 70 
accekdadoQ conditKHis st t^ous paa u de posi- gz^cater m flrffl^vifiTdir ^jbsn ony aistaaHBnsous 
tEons HI tie (viteaiar ooiKiflniEted ao ooidiag to negauTe stres possMe at desired power tevels 
LangsTni. Tbssse ^nsskassa and eqaal ^id oparadoo. Tlzis ai^ces h posSbie ^e^iy 
opposkfe at tihe ends, (jyt y yi i ig it^xroo^ zero at to esaead hoth <lhe pow^ (range and ^die use- 
10 tlie node, da tjte cenae. Qirve B Mhistrates the fui 1& of sandwicih iticansduoer systams. The 75 
psrtide oooiditic^ provided hy die present bonding maJCTiaj is prcivcxitjed &on% gring 
invention. Assmnktg 4ihe le£t-(h£U}d end to be tteni^ die t^Tpe of me oba mo at ihystexisis icop 
tiha( of t^ kmr density metal, fmavwnarm (to oocsbts in oon-enginBedng naoserials, 
an^pHsiidSy velodty or acoekrationi of a pazticle ^n^hicdi tresaiks on interva^l ilosses and evemal 
25 at ^eft-^iand <£i^ ^ the vitattir 42 is faDnne. As ^Qiow& in F%. 1, tiie bonding go 
^eater dian at die tri ^ht-thimd end, and greater malerisl may be omitted endiely, ^len com;- 
for ^Jhe same inpiit eoiengy tihgqt in ftihe prior ([n^essEve stress is pxovidedi, if alil rnf ft ring 
art struoDiires. surfaces are acouratcty flat. I have built sosdi 

Momentum con^dsiations ha. tibe present transdkioer systems, acod operated tfaenx suocess- 
20 oasc cause tdse liglhter metsl, v?IhECth is used as ^uiliy. 85 
the radiating suicfaoe, to (have {greater p^dde Tihe effidfnty trsstgi^acGc systxans aooord- 
vedodty that the h£^vy metal, as shown in ing (to t)^ nsvention is veiry fhigjhj exceeding 
Fig. 6, TMs ^smam tjbat greater eneigy is 90%, vs^sesi bwnim dtanate is used, for 
avoiikble for (radiation because rsd^sted energy exfurnpie. ddiinarily badnm titanates, and 
25 is propoiptionai to the square of particle velo- certain £enrites, (have efficiendes eround 65% 90 
dty, Gonsetpiendy tbe present imveo^itHi, as '^i^^ien oparaited in oomvendon^ tlhocikness 
disdn^gudsihed £rom prior axt <cfevioes whid) node. The dos^ tare nxdnly nsedhankaj; (m 
distribute avaikble eneii^ equaHily to both badmn: (tkamate die efectriscal fosses are kss 
fealves of ttoe sandmoh, provides a far greater tftaa 4%, as a c^sadtor). However, in the 
30 proportion of 4^ txyt&i &ses^gy to the radiadng present dnventioai, che transducer nsatenat 95 
(and iiglhter) par^ ttihan to the non-radkting (^** bazxum titsoaite) is aniy a ?tmaiH frac- 
dheavier) side. <Qkxn of tihe vibrating system. For exampie, in 

The raxHaced exengy can be (made to leave a 20 kc/sec systm^ it (may bt oniy 1/4^' out 
the (ransduoer system (at bottom srarfaoc of 4", or 6.3% of nlhe sipiojjure. Reiaaively 
35 40 in F^ 1, far example) in a i^ane-'wave lossSess onatadis or other msitexffltb tihen (make iqq 
form. TMs is often desii^hie bec^ise it can 4;^ 94% of ^ total. Tihe gjeoenaited beat, or 
avoid omdesiiraibie focusing effects an treatment losses, axe quite smaltL Also, Mtaever (heat is 
baths, and tiherebypeEDnmacana^ ^eneraited in idxe transducer ekmenite ^ eas^ 

icTffdiadon of sodi batihs vnth lacrays of trans- given up to the mesal nmses because the ede- 
40 ducer systems. As an esampde of dimensions mxss aire (thin, and ds easily oanssed aiwoy by 105 
suitaMe foor tMs purpose, one gnnlhmfi,inifln!t of the (metail masses. 

e (half-vraive 20 kc/sec vibnaitor uses steeJi dsnd An akemadve transducer system is shown 
aluminami alloy ouites 2''X2"X2", with in Fig. 7, an (whidi a ctopug oneans fw 
baisum dstanace 1/4'' thsdk between nhem. a pjp ityim g static ootmpoessive stress $0 tihe s^- 
45 These dimsnsicms of the otibes all approximate tern is (located outside the systsiL Blodcs 50 no 
to one qimter iwave tengiUh of elastic ^^aves and 51, corresponding lespec d veOy to blocks 
m the matarkl If brass otr odtor copper- 10 and U in Fig. 1, hold betiweeni them itrais- 
bearing oKtal is used place of 4he steel, duoer etemen^ 54 and 55 ootrresponding res- 
its dimsmons may be 2"X2''X1 1/2", since pecti-vely (to dements 14 and 15 in Fig. 1. 
50 biass and other oopper-boozing meca^ hove a Flanges 60 and 61 are provided on the left- 115 
iov7er vetociiv of swimi than diimmLum and hand side each bbck, 50 and 51 re^iec- 
1 1/2^' depth is e^uv^ent a ppamima tely to trreiy, and shriikir Ganges (oot 
2'^ in ahnmnmn. Tihe aiinninnm aSIo;^ used vided on the op^tosite side of eadi b&xck. Badh 
are a&y^ containing at least 70% diHninumu set of ooiE&Qming flanges is provided mth 
55 While sandwidi structuis^ heki togiether bores, 62 and ^, and the bore 62 in flffntge 120 
soMy by cemcEnt mil <W0Erik and give ^ the 60 is fitted vvitih an dteatrioaMy insi^adng 
aipplii&catuHt efiteots desoabad above^ con- sleeve 65. A boh 67 is fitted ia its boies and 
sideration of oave C m F%g. 6 <wiM show that thim^ the ^eeve 65, and a oiuved metal 
the stress or strain m a d^-'wafve vibraior is washer 68^ resting on an dectracaiMy inst^- 
60 maximami at ifliB node. If «fce oameirted sur- ing washer 69, is cmnpressed by q ma: 71 to 125 
(Eiaces are so located m 4he stmsarre, ^^ihsthsr a^ply (the stadc compressive stress. It vp^ 
itbeone-haMwaiveloqgQEr$CH^ger,<hesai^^ appiedated that at deast two sets of flanges 

of the rf«TO»mt bond iinnts dhe power iSxat casi and bodis aze needed to apply ^his force, 
be K&veibped by ^^stem. altlhougih to distribute it as evoify as pass2bte 

6$ When power is inoieased, eventiKily an toxxre (may be desired in a paidoii^ case. 130 
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Obvian^, cemera caa te fndndgd aaxsnding 
to 1%. 4, if <fesired. 

Fig. 8 x&istraies ^he tyti m cl u xe ol a mg gnera - 
stxi^ve gt raiBjJii^ elezxEea^ v^^odi can bz 
stmaied m 1% 1, 4 or 7, for tiie 
dem£3its stonai in 3. A block 80 of 
magnsto^instive ^Terial is provided witSi 
two (bmes 81 Qitd 82 (paiaiei to a gak of 
G^iposhe si^ ei^^ A -we 83 is oodled 
tiizougjb tihese boxes in a faduon to esdte t§ie 
333ock sntD (magpemstrictive v avrHam t m t&e 
dudsness dfnTOnston, mbeo. fomisitei VTitlh 
suitafbde dsclnic ntrrent ioi ft weH koown 
manner, A thole 85 is pirovided in tie csrtie 
of liie ihtodc, in tis dudoiess cQrsctK^n, for 
(passagje of (bc^c 17 if a stnmore Ws^ tihat 
of Hg. 1 Is oised The bdock 80 can be made 
of jfHnfmriEtl sheets^ or can be sodid;, as 
sihown. It can be a femte: ^Tihsn m^seco- 
sudkitrye iCFansduQar elements are vs^, tiie 
^ectzroaBy insa}ating sleeves and 'wasbers, 
shown in F3^ 1 and Fijg. 7, an^ be omkted. 

The embodimai^s fliusiiiaited and desQEH^ed 
b^rein are iHxEstxations only of tihe invention, 
and otbar enxbodinients <vn[l occur (to tbose 
sk^d in 2XL No attoi^ bas beea macfe 
herein to go iorto aH possibk enibo(^inentS) 
but latOKT oniy (tp illastzate nbe jpobcqdes of 
die invezition and ife best manner now fcaovTa 
to gjicac doe it. 
WHAT WE CLAIM IS: — 
1. A v3]iraDc^ sysisem baviog ekc&o-medt- 
anicai 'transdiiiOQr onaterial positKmed between 
and aoQust^n^y ooi^pted to two sdid boidies 
'wiib wbidh tbe tzansduoer '"^terfff?! i r t r i iig a 
mdtaiy vfbtratcH: ad^ited no vxhiate in the 
direction of an axis passing tbtoaigh tbe bodies 
and die material to surfaces of ibe bodies 
(which aie iD^iK^te from tbe masdsii ami in 
whi^ (tbe dimension of the transducesr sxEaterial 
in the diceotion of tbe said axis ds 'less tban 
one quarter "wave of vibaations tflrerein ar the 
operating freqiieiicy of vi^tum of 4be sys- 
tern and ibe solid bodies are constitnited res- 
pectively of materia bavk^ trektiv^ <Ms- 
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2. A vibrator systtam tSffi land baiving 
eiectromedhanical transc^oer material posi- 
tioiEsd between and aa>ustEcai% ooai^ed to 

50 two solid bodies vratb "wbidh «be transducer 
material foims a asntaiy vihra$ar atl^pted to 
vHsats in i^ direcdon of an axis passmg 
tbroi^g^ (tbe bt^lies and tbe isnsssssas^ to sor- 
£a£es of die bodies ^Msh are TCmiore from 

55 die flrmtfirial and in Tvbids die dimmsion of 
th^ transduoer material ui tihe dsrecticm of 
the axis is dian one qu^iDer wave of 
vfhrations ttbsrgfnt at die opGcsamg ikieque ncy 
of vxhradon k£ tbe system die said bodi^ teing 

60 ccxwprsssj^ on dis ssansc^^ material by 
means v?bidi applies a static compressive stiess 
in apposidon to say instantaneous negative 
stress produced in the system durmg vibxa- 


tton ^bereby - <d prevezE disnqj^don of tiie 
aoonsdc oot^dii^ betwem tbe transducer 65 
fliafMal ami eMisr of tfls bodtes. 

3^. System aoDo r dk ^ co Oahn 1 or f^fa fm 
2 cbaracteiised hi dmt said bodi^ are metals. 

4, System a ooo r-di u g <o Cbim 3 cbaractarised 
in tb£^ the onetal <^ one ol ^d bodies is 70 
pregfonTiimiUly ahmmmmi or ms^^m^ and 
die m^:al of dm otber of said bodies is ferrous 
or CO wer-bearH^ 

5: System according <o any of die pr^eding 
daims cbasactedsed in tbac tbe vdodty of 75 
sound in eaxh body is the same. 

6. System aocozding to Claim 5 cbarac- 
tensed in tbat one of said bodies is constkuted 
of a mei^ containing at 'least 70%. ahTmTnfiin^ 
and die odiar of said botixes is constituted of 80 
a fierrous i ma te riaiL 

7. System a c oo i d i^g (to Qaim 5 or Qaim 
6 cbaractetise^ m dm eacb of said bodies is 
cubic and botb bosdies bave tbe same dimen- 

85 


8, System according to any of tbe preceding 
cMms characterised ia diat said tr£Dsducer 
^ materi ai is 'located substamtrally at a vfbra- 
tion node of tbe system. 

9r Syscam aoooidmg to any preceding claim 
cbaractetBed in that eacb of said bodies is 
dmreosioned to constkute substaimaHy one or 
anosc quster-wave sections at the operating 
fireqpiency. 

10. System aocordoig to any of tbe pre- 
cedmg daims as dhaiacteris^ in Cbmn 2, 
fuirtber characterised in that ^d compzessive 
ms^ p^es between the surfaces of said 
bodies wbich conOront said tr^ducer materiaL 

11. System aoccMding to Claim 10 charac- 
terised in diat said tramscfeioer material is a 
plurality of ^emsnts arrayed about said com- 
pressive means. 

12. System accoirding to Claim 10 charac- 
terised in tbat ^aid iiansducer material is 
providad: a bore through wbicsh said com- 
pressive means passes. 

13. System according to any of die pre^ 
ceding daims cbamoterised in diat said trans- 
ducer material is electrostrictive, piezo-dectric 
or noa^cto^-strtcttve. 

14. System ^rording to any of tbe ptreced- 
ing daims dmacterised in tbat said -cransducer 
material is bomied or cem^ted to eadi of 
said bodies. 

15. An dectro-mecbanical transducer sys- 
tem substantially as ^er^ described with 
refereiirpe*-to and as illustrated in Figures 1 
to 3 indnsivej Figure 4, or Fig^ 7 as modi- 
fied by ddier Figoa 5 or Figure 8, of the 
acoompan^H^ diawiugs. 

For the Applicants: 
LLOYD wise; BOULY & HAIG, 
Chartered Patei^ AgeiHs, 
10, New Court, Dmxto's Inn, 
LwtdtHi, W.C2. 
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